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(57) Disclosed are methods, systems, and non-tran-
sitory computer-readable medium for landing a vehicle.
For instance, the method may include: before a descent
transition point, receiving from a service a landing zone
confirmation including landing zone location information
and an indication that alanding zone is clear; determining
a landing flight path based on the landing zone location
information; and upon the vehicle starting a descent to

SYSTEMS AND METHODS FOR COMPUTING FLIGHT CONTROLS FOR VEHICLE LANDING

the landing zone using the landing flight path: receiving
landing zone data from at least one of a radar system, a
camera system, an altitude and heading reference sys-
tem (AHRS), and a GPS system; performing an analysis
based on the landing zone data to determine whether an
unsafe condition exists; and based on the analysis, com-
puting flight controls for the vehicle to continue the de-
scent or modify the descent.
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Description

TECHNICAL FIELD

[0001] Various embodiments of the present disclosure
relate generally to systems and methods for computing
flight controls for vehicle landing and, more particularly,
to systems and methods for computing flight controls for
vehicle landing using sensor data fusion.

BACKGROUND

[0002] The infrastructure and processes of urban air
mobility (UAM) may present several challenges. For in-
stance, UAM may require large amounts of data gather-
ing, communication, processing, and reporting to ensure
timely, safe, and efficient resource allocation for travel in
the UAM environment. For instance, certification author-
ities may require that operators of UAM vehicles ensure
certain tolerances on vehicle operations, such as, among
other things, sufficient vehicle spacing within traffic limi-
tations, landing operations within certain limitations, etc.
Specifically, landing safely at landing zones may be a
challenge due to restrictions in space around the landing
zones (either physical space or restrictions on operations
near/over buildings, or from noise generation of aircraft),
traffic going to or from the landing zones, etc. Therefore,
communicating with aircraft as they approach a landing
zone (to approach and attempt to land an available (e.g.,
clear) landing zone), and confirming the landing is pro-
ceeding in a safe manner may be challenges.

[0003] The present disclosure is directed to overcom-
ing one or more of these above-referenced challenges.

SUMMARY OF THE DISCLOSURE

[0004] According to certain aspects of the disclosure,
systems and methods are disclosed for computing flight
controls for vehicle landing.

[0005] For instance, a method may include: before a
descent transition point, receiving from a service a land-
ing zone confirmation including landing zone location in-
formation and an indication that a landing zone is clear;
determining a landing flight path based on the landing
zone location information; and upon the vehicle starting
a descent to the landing zone using the landing flight
path: receiving landing zone data from at least one of a
radar system, a camera system, an altitude and heading
reference system (AHRS), and a GPS system; perform-
ing an analysis based on the landing zone data to deter-
mine whether an unsafe condition exists; and based on
the analysis, computing flight controls for the vehicle to
continue the descent or modify the descent.

[0006] A systemmayinclude a memory storinginstruc-
tions; and a processor executing the instructions to per-
form a process. The process may include: before a de-
scent transition point, receiving from a service a landing
zone confirmation including landing zone location infor-
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mation and an indication that a landing zone is clear;
determining a landing flight path based on the landing
zone location information; and upon the vehicle starting
a descent to the landing zone using the landing flight
path: receiving landing zone data from at least one of a
radar system, a camera system, an altitude and heading
reference system (AHRS), and a GPS system; perform-
ing an analysis based on the landing zone data to deter-
mine whether an unsafe condition exists; and based on
the analysis, computing flight controls for the vehicle to
continue the descent or modify the descent.

[0007] A non-transitory computer-readable medium
may store instructions that, when executed by a proces-
sor, cause the processor to perform a method. The meth-
od may include: before a descent transition point, receiv-
ing from a service a landing zone confirmation, the land-
ing zone confirmation including landing zone location in-
formation and an indication that a landing zone is clear;
determining a landing flight path based on the landing
zone location information; and upon the vehicle starting
a descent to the landing zone using the landing flight
path: receiving landing zone data from at least one of a
radar system, a camera system, an altitude and heading
reference system (AHRS), and a GPS system; perform-
ing an analysis based on the landing zone data to deter-
mine whether an unsafe condition exists; and based on
the analysis, computing flight controls for the vehicle to
continue the descent or modify the descent.

[0008] Additional objects and advantages of the dis-
closed embodiments will be set forth in part in the de-
scription that follows, and in part will be apparent from
the description, or may be learned by practice of the dis-
closed embodiments.

[0009] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restric-
tive of the disclosed embodiments, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate various exemplary embodiments and together
with the description, serve to explain the principles of the
disclosed embodiments.

FIG. 1 depicts an example environment in which
methods, systems, and other aspects of the present
disclosure may be implemented.

FIG. 2 depicts an exemplary a system, according to
one or more embodiments.

FIGS. 3A and 3B depict exemplary block diagrams
of a vehicle of a system, according to one or more
embodiments.

FIGS. 4 and 5 depictexemplary scenarios for vehicle
landing using sensor data fusion, according to one
or more embodiments.

FIG. 6 depicts a flowchart for computing flight con-
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trols for vehicle landing using sensor data fusion,
according to one or more embodiments.

FIG. 7 depicts a flowchart for computing flight con-
trols for vehicle landing using sensor data fusion,
according to one or more embodiments.

FIGS. 8A-8C depict flowcharts for computing flight
controls for vehicle landing using sensor data fusion,
according to one or more embodiments.

FIG. 9 depicts an example system that may execute
techniques presented herein.

DETAILED DESCRIPTION OF EMBODIMENTS

[0011] Various embodiments of the present disclosure
relate generally to vehicle landing.

[0012] In general, the present disclosure is directed to
systems and methods for computing flight controls for
vehicle landing using sensor data fusion. For instance,
a vehicle of the present disclosure may include a multi-
sensor and navigation sensor suite that executes one or
more methods of the disclosure. The multi-sensor and
navigation sensor suite may include a radar, such as a
light weight digital radar or a software Adjustable Radar
(SWARS), an on-board camera (e.g., at least two cam-
eras), an Altitude and Heading Reference System
(AHRS), and a GPS system. The multi-sensor and nav-
igation sensor suite may, while descending to a landing
zone, perform a descent cross-check process. The de-
scent cross-check process may: control the SWARS, the
on-board camera, the AHRS, and GPS system to cross-
check potential conflicts, confirm the landing zone is
clear, and determine whether an unsafe condition is
present. For instance, using the descent cross-check
process, the vehicle may: control the AHRS to obtain
positioning information and alignment information to con-
firm position and alignment to a landing pad beacon and
control the SWARS to obtain altitude and descent rate
to confirm altitude and descent rate (e.g., by performing
a profile check process); control the camera to acquire
a light pattern or identifier pattern (e.g., by performing a
vision confirmation process); control the SWARS to scan
and map the landing zone to ensure clearance (e.g., by
performing a scanning confirmation process to ensure
no other vehicles/obstacles are parked at/on the landing
zone); and cross check conflicts (if any of the above in-
dicates a potential conflict) or confirm landing pad is clear.
If no unsafe conditions are detected, the multi-sensor
and navigation sensor suite of the vehicle may continue
the descent cross-check process until the vehicle lands
onthelandingzone. Therefore, the multi-sensor and nav-
igation sensor suite may confirm a landing is proceeding
in a safe manner by cross-checking multiple different
sensor systems (e.g., radar and cameras) and data
sources (AHRS and GPS systems).

[0013] Whilethisdisclosure describes the systems and
methods with reference to aircraft, it should be appreci-
ated that the present systems and methods are applica-
ble to management of vehicles, including those of drones,
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automobiles, ships, or any other autonomous and/or In-
ternet-connected vehicle.

[0014] As showninFIG. 1, FIG. 1 depicts an example
environment in which methods, systems, and other as-
pects of the presentdisclosure may be implemented. The
environment of FIG. 1 may include an airspace 100 and
one or more hubs 111-117. A hub, such as any one of
111-117, may be a ground facility where aircraft may take
off, land, or remain parked (e.g., airport, vertiport, heli-
port, vertistop, helistop, temporary landing/takeoff facili-
ty, or the like). The airspace 100 may accommodate air-
craft of various types 131-133 (collectively, "aircraft 131"
unless indicated otherwise herein), flying at various alti-
tudes and via various routes 141. An aircraft, such as
any one of aircraft 131a-133b, may be any apparatus or
vehicle of air transportation capable of traveling between
two or more hubs 111-117, such as an airplane, a vertical
take-off and landing aircraft (VTOL), a drone, a helicop-
ter, an unmanned aerial vehicle (UAV), a hot-air balloon,
a military aircraft, etc. Any one of the aircraft 131a-133b
may be connected to one another and/or to one or more
of the hubs 111-117, over a communication network, us-
ing a vehicle management computer corresponding to
each aircraft or each hub. Each vehicle management
computer may comprise a computing device and/or a
communication device, as described in more detail below
in FIGS. 3A and 3B. As shown in FIG. 1, different types
of aircraft that share the airspace 100 are illustrated,
which are distinguished, by way of example, as model
131 (aircraft 131a and 131b), model 132 (aircraft 132a,
132b, and 132c¢), and model 133 (aircraft 133a and 133b).
[0015] AsfurthershowninFIG. 1, anairspace 100 may
have one or more weather constraints 121, spatial re-
strictions 122 (e.g., buildings), and temporary flight re-
strictions (TFR) 123. These are exemplary factors that a
vehicle management computer of an aircraft may be re-
quired to consider and/or analyze in order to derive the
most safe and optimal flight trajectory of the aircraft. For
example, if a vehicle management computer of an aircraft
planning to travel from hub 112 to hub 115 predicts that
the aircraft may be affected by an adverse weather con-
dition, such as weather constraint 121, in the airspace,
the vehicle management computer may modify a direct
path (e.g., the route 141 between hub 112 and hub 115)
with a slight curvature away from the weather constraint
121 (e.g., a northward detour) to form a deviated route
142. For instance, the deviated route 142 may ensure
that the path and the time of the aircraft (e.g., 4-D coor-
dinates of the flight trajectory) do not intersect any posi-
tion and time coordinates of the weather constraint 121
(e.g., 4-D coordinates of the weather constraint 121).
[0016] As another example, the vehicle management
computer of aircraft 131b may predict, prior to take-off,
that spatial restriction 122, caused by buildings, would
hinder the direct flight path of aircraft 131b flying from
hub 112 to hub 117, as depicted in FIG. 1. In response
to that prediction, the vehicle management computer of
aircraft 131b may generate a 4-D trajectory with a vehicle
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path that bypasses a 3-dimensional zone (e.g., zone in-
cluding the location and the altitude) associated with
those particular buildings. As yet another example, the
vehicle management computer of aircraft 133b may pre-
dict, prior to take-off, that TFR 123, as well as some po-
tential 4-D trajectories of another aircraft 132c, would
hinder or conflict with the direct flight path of aircraft 133b,
as depicted in FIG. 1. In response, the vehicle manage-
ment computer of aircraft 133b may generate a 4-D tra-
jectory with path and time coordinates that do not inter-
sect either the 4-D coordinates of the TFR 123 or the 4-
D trajectory of the other aircraft 132c. In this case, the
TFR 123 and collision risk with another aircraft 132c are
examples of dynamic factors which may or may not be
in effect, depending on the scheduled time of travel, the
effective times of TFR, and the path and schedule of the
other aircraft 132c. As described in these examples, the
4-D trajectory derivation process, including any modifi-
cation or re-negotiation, may be completed prior to take-
off of the aircraft.

[0017] As another example, the vehicle management
computer of aircraft 131b may determine to use one of
the routes 141 that are set aside for aircraft 131 to use,
either exclusively or non-exclusively. The aircraft 131b
may generate a 4-D trajectory with a vehicle path that
follows one of the routes 141.

[0018] As indicated above, FIG. 1 is provided merely
as an example environment of an airspace that includes
exemplary types of aircraft, hubs, zones, restrictions, and
routes. Regarding particular details of the aircraft, hubs,
zones, restrictions, and routes, other examples are pos-
sible and may differ from what was described with respect
to FIG. 1. For example, types of zones and restrictions
which may become a factor in trajectory derivation, other
than those described above, may include availability of
hubs, reserved paths or sky lanes (e.g., routes 141), any
ground-originating obstacle which extends out to certain
levels of altitudes, any known zones of avoidance (e.g.,
noise sensitive zones), air transport regulations (e.g.,
closeness to airports), etc. Any factor that renders the 4-
D trajectory to be modified from the direct or the shortest
path between two hubs may be considered during the
derivation process.

[0019] FIG. 2 depicts an exemplary a system, accord-
ing to one or more embodiments. The system 200 de-
picted in FIG. 2 may include one or more aircraft, such
as aircraft 131, one or more intruder aircraft 230, a cloud
service 205, one or more communications station(s) 210,
and/or one or more ground station(s) 215. The one or
more aircraft 131 may be traveling from a first hub (e.g.,
hub 114) to a second hub (e.g., hub 112) along a route
of routes 141. Between, near, and/or on hubs, such as
hubs 111-117, the one or more ground station(s) 215
may be distributed (e.g., evenly, based on traffic consid-
erations, etc.) along/near/on/under routes 14 1. Between,
near, and/or on hubs, such as hubs 111-117, the one or
more communications station(s) 210 may be distributed
(e.g., evenly, based on traffic considerations, etc.). Some
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(or all) of the one or more ground station(s) 215 may be
paired with a communication station 210 of the one or
more communications station(s) 210.

[0020] Each of the one or more ground station(s) 215
may include a transponder system, a radar system,
and/or a datalink system.

[0021] The radar system of a ground station 215 may
include a directional radar system. The directional radar
system may be pointed upward (e.g., from ground to-
wards sky) and the directional radar system may transmit
abeam 220 to provide three-dimensional coverage over
a section of aroute 141. The beam 220 may be a narrow
beam. The three-dimensional coverage of the beam 220
may be directly above the ground station 215 or at various
skewed angles (from a vertical direction). The directional
radar system may detect objects, such as aircraft 131,
within the three-dimensional coverage of the beam 220.
The directional radar system may detect objects by skin
detection. In the case of the ground station 215 being
positioned on a hub, such as the hub 112, the directional
radar system may transmit a beam 225 to provide three-
dimensional coverage over the hub 112. The beam 225
may be also be skewed at an angle (from a vertical di-
rection) to detect objects arriving at, descending to, and
landing on the hub 112. The beams 220/225 may be con-
trolled either mechanically (by moving the radar system),
electronically (e.g., phased arrays), or by software (e.g.,
digital phased array "DAPA" radars), or any combination
thereof.

[0022] The transponder system of a ground station215
may include an ADS-B and/or a Mode S transponder,
and/or other transponder system (collectively, interroga-
tor system). The interrogator system may have at least
one directional antenna. The directional antenna may tar-
get a section of a route 141. For instance, targeting the
section of the route 141 may reduce the likelihood of over-
whelming the ecosystem (e.qg., aircraft 131) with interro-
gations, as would be the case if the interrogator system
used an omnidirectional antenna. The directional anten-
na may target a specific section of a route 141 by trans-
mitting signals in a same or different beam pattern as the
beam 220/225 discussed above for the radar system.
The interrogator system may transmit interrogation mes-
sages to aircraft, such as aircraft 131, within the section
of the route 141. The interrogation messages may in-
clude an identifier of the interrogator system and/or re-
quest the aircraft, such as aircraft 131, to transmit an
identification message. The interrogator system may re-
ceive the identification message from the aircraft, such
as aircraft 131. The identification message may include
an identifier of the aircraft and/or transponder aircraft da-
ta (e.g., speed, position, track, etc.) of the aircraft.
[0023] If the radar system detects an object and the
transponder system does not receive a corresponding
identification message from the object (or does receive
anidentification message, butitis an invalid identification
message, e.g., an identifier of unauthorized aircraft), the
ground station 215 may determine that the object is an
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intruder aircraft 230. The ground station 215 may then
transmit an intruder alert message to the cloud service
205. If the radar system detects an object and the trans-
ponder system receives a corresponding identification
message from the object, the ground station 215 may
determine the object s a valid aircraft. The ground station
215 may then transmit a valid aircraft message to the
cloud service 205. Additionally or alternatively, the
ground station 215 may transmit a detection message
based on the detection of the object and whether the
ground station 215 receives the identification message
("a response message"); therefore, the ground station
215 may not make a determination as to whether the
detected object is an intruder aircraft or a valid aircraft,
butinstead send the detection message to the cloud serv-
ice 205 for the cloud service 205 to determine whether
the detected objectis anintruder aircraft or a valid aircraft.
[0024] The datalink system of ground station 215 may
communicate with at least one of the one or more com-
munications station(s) 210. Each of the one or more com-
munications station(s) 210 may communicate with at
least one of the one or more ground station(s) 215 within
a region around the communications station 210 to re-
ceive and transmit data from/to the one or more ground
station(s) 215. Some or none of the communications sta-
tion(s) 210 may not communicate directly with the ground
station(s) 215, but may instead be relays from other com-
munications station(s) 210 that are in direct communica-
tion with the ground station(s) 215. For instance, each of
the ground station(s) 215 may communicate with a near-
est one of the communications station(s) 210 (directly or
indirectly). Additionally or alternatively, the ground sta-
tion(s) 215 may communicate with a communications
station 210 that has a best signal to the ground station
215, best bandwidth, etc. The one or more communica-
tions station(s) 210 may include a wireless communica-
tion system to communicate with the datalink system of
ground station(s) 215. The wireless communication sys-
tem may enable cellular communication, in accordance
with, e.g., 3G/4G/5G standards. The wireless communi-
cation system may enable Wi-Fi communications, Blue-
tooth communications, or other short range wireless
communications. Additionally or alternatively, the one or
more communications station(s) 210 may communicate
with the one or more of the one or more ground station(s)
215 based on wired communication, such as Ethernet,
fiber optic, etc.

[0025] Forinstance, aground station 215 may transmit
an intruder alert message or a valid aircraft message
(and/or a detection message) to a communications sta-
tion 210. The communications station 210 may then relay
the intruder alert message or the valid aircraft message
(and/or the detection message) to the cloud service 205
(either directly or indirectly through another communica-
tions station 210).

[0026] The one ormore communications station(s)210
may also communicate with one or more aircraft, such
as aircraft 131, to receive and transmit data from/to the
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one or more aircraft. For instance, one or more commu-
nications station(s) 210 may relay data between the cloud
service 205 and a vehicle, such as aircraft 131.

[0027] The cloud service 205 may communicate with
the one or more communications station(s) 210 and/or
directly (e.g., via satellite communications) with aircraft,
such as aircraft 131. The cloud service 205 may provide
instructions, data, and/or warnings to the aircraft 131.
The cloud service 205 may receive acknowledgements
from the aircraft 131, aircraft data from the aircraft 131,
and/or other information from the aircraft 131. For in-
stance, the cloud service 205 may provide, to the aircraft
131, weather data, traffic data, landing zone data for the
hubs, such as hubs 111-117, updated obstacle data,
flight plan data, etc. The cloud service 205 may also pro-
vide software as a service (SaaS) to aircraft 131 to per-
form various software functions, such as navigation serv-
ices, Flight Management System (FMS) services, etc.,
in accordance with service contracts, API requests from
aircraft 131, etc.

[0028] FIGS. 3A and 3B depict exemplary block dia-
grams of a vehicle of a system, according to one or more
embodiments. FIG. 3A may depict a block diagram 300A
and FIG. 3B may depict a block diagram 300B, respec-
tively, of a vehicle, such as aircraft 131-133. Generally,
the block diagram 300A may depict systems, informa-
tion/data, and communications between the systems of
a piloted or semi-autonomous vehicle, while the block
diagram 300B may depict systems, information/data, and
communications between the systems of a fully autono-
mous vehicle. The aircraft 131 may be one of the piloted
or semi-autonomous vehicle and/or the fully autonomous
vehicle.

[0029] The block diagram 300A of an aircraft 131 may
include a vehicle management computer 302 and elec-
trical, mechanical, and/or software systems (collectively,
"vehicle systems"). The vehicle systems may include:
one or more display(s) 304; communications systems
306; one or more transponder(s) 308; pilot/user inter-
face(s) 324 toreceive and communicate information from
pilots and/or users 310 of the aircraft 131; edge sensors
312 on structures 346 of the aircraft 131 (such as doors,
seats, tires, etc.); power systems 378 to provide power
to actuation systems 360; camera(s) 316; GPS systems
354; on-board vehicle navigation systems 314; flight con-
trol computer 370; and/or one or more data storage sys-
tems. The vehicle management computer 302 and the
vehicle systems may be connected by one or a combi-
nation of wired or wireless communication interfaces,
such as TCP/IP communication over Wi-Fi or Ethernet
(with or without switches), RS-422, ARINC-429, or other
communication standards (with or without protocol
switches, as needed).

[0030] The vehicle management computer 302 may
include at least a network interface, a processor, and a
memory, each coupled to each other via a bus or indi-
rectly via wired or wireless connections (e.g., Wi-Fi, Eth-
ernet, parallel or serial ATA, etc.). The memory may
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store, and the processor may execute, a vehicle man-
agement program. The vehicle management program
may include a weather program 322, a Detect/See & As-
sisted Avoidance (D/S & A) program 334, a flight routing
program 344, a vehicle status/health program 352, a
communications program 368, a flight control program
370, and/or a vertiport status program 372 (collectively,
"sub-programs"). The vehicle management program
may obtain inputs from the sub-programs and send out-
puts to the sub-programs to manage the aircraft 131, in
accordance with program code of the vehicle manage-
ment program. The vehicle management program may
also obtain inputs from the vehicle systems and output
instructions/data to the vehicle systems, in accordance
with the program code of the vehicle management pro-
gram.

[0031] The vehicle management computer 302 may
transmit instructions/data/graphical user interface(s) to
the one or more display(s) 304 and/or the pilot/user in-
terface(s) 324. The one or more display(s) 304 and/or
the pilot/user interface(s) 324 may receive user inputs,
and transmit the user inputs to the vehicle management
computer 302.

[0032] The communications systems 306 may include
various data links systems (e.g., satellite communica-
tions systems), cellular communications systems (e.g.,
LTE, 4G, 5G, etc.), radio communications systems (e.g.,
HF, VHF, etc.), and/or wireless local area network com-
munications systems (e.g., Wi-Fi, Bluetooth, etc.). The
communications systems 306 may enable communica-
tions, in accordance with the communications program
368, between the aircraft 131 and external networks,
services, and the cloud service 205, discussed above.
An example of the external networks may include a wide
area network, such as the internet. Examples of the serv-
ices may include weather information services 318, traffic
information services, etc.

[0033] The one or more transponder(s) 308 may in-
clude an interrogator system. The interrogator system of
the aircraft 131 may be an ADS-B, a Mode S transponder,
and/or other transponder system. The interrogator sys-
tem may have an omnidirectional antenna and/or a di-
rectional antenna (interrogator system antenna). The in-
terrogator system antenna may transmit/receive signals
to transmit/receive interrogation messages and trans-
mit/receive identification messages. For instance, in re-
sponse to receiving an interrogation message, the inter-
rogator system may obtain an identifier of the aircraft 131
and/or transponder aircraft data (e.g., speed, position,
track, etc.) of the aircraft 131, e.g., from the on-board
vehicle navigation systems 314; and transmit an identi-
fication message. Contra-wise, the interrogator system
may transmit interrogation messages to nearby aircraft;
and receive identification messages. The one or more
transponder(s) 308 may send messages to the vehicle
management computer 302 to report interrogation mes-
sages and/or identification messages received
from/transmitted to other aircraft and/or the ground sta-
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tion(s) 215. As discussed above, the interrogation mes-
sages may include an identifier of the interrogator system
(in this case, the aircraft 131), request the nearby aircraft
to transmit an identification message, and/or (different
than above) transponder aircraft data (e.g., speed, posi-
tion, track, etc.) of the aircraft 131; the identification mes-
sage may include an identifier of the aircraft 131 and/or
the transponder aircraft data of the aircraft 131.

[0034] The edge sensors 312 on the structures 346 of
the aircraft 131 may be sensors to detect various envi-
ronmental and/or system status information. For in-
stance, some of the edge sensors 312 may monitor for
discrete signals, such as edge sensors on seats (e.g.,
occupied or not), doors (e.g., closed or not), etc. of the
aircraft 131. Some of the edge sensors 312 may monitor
continuous signals, such as edge sensors on tires (e.g.,
tire pressure), brakes (e.g., engaged or not, amount of
wear, etc.), passenger compartment (e.g., compartment
air pressure, air composition, temperature, etc.), support
structure (e.g., deformation, strain, etc.), etc., of the air-
craft 131. The edge sensors 312 may transmit edge sen-
sor data to the vehicle management computer 302 to
report the discrete and/or continuous signals.

[0035] The power systems 378 may include one or
more battery systems, fuel cell systems, and/or other
chemical power systems to power the actuation systems
360 and/or the vehicle systems in general. In one aspect
of the disclosure, the power systems 378 may be a bat-
tery pack. The power systems 378 may have various
sensors to detect one or more of temperature, fuel/elec-
trical charge remaining, discharge rate, etc. (collectively,
power system data 348). The power systems 378 may
transmit power system data 348 to the vehicle manage-
ment computer 302 so that power system status 350 (or
battery pack status) may be monitored by the vehicle
status/health program 352.

[0036] The actuation systems 360 may include: mo-
tors, engines, and/or propellers to generate thrust, lift,
and/or directional force for the aircraft 131; flaps or other
surface controls to augment the thrust, lift, and/or direc-
tional force for the aircraft 131; and/or aircraft mechanical
systems (e.g., to deploy landing gear, windshield wiper
blades, signal lights, etc.). The vehicle management
computer 302 may control the actuation systems 360 by
transmitting instructions, in accordance with the flight
control program 370, and the actuation systems 360 may
transmit feedback/current status of the actuation sys-
tems 360 to the vehicle management computer 302
(which may be referred to as actuation systems data).
[0037] The camera(s) 316 may include inferred or op-
tical cameras, LIDAR, or other visual imaging systems
to record internal or external environments of the aircraft
131. The camera(s) 316 may obtain inferred images; op-
tical images; and/or LIDAR point cloud data, or any com-
bination thereof (collectively "imaging data"). The LIDAR
point cloud data may include coordinates (which may in-
clude, e.g., location, intensity, time information, etc.) of
each data point received by the LIDAR. The camera(s)
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316 and/or the vehicle management computer 302 may
include a machine vision function. The machine vision
function may process the obtained imaging data to detect
objects, locations of the detected objects, speed/velocity
(relative and/or absolute) of the detected objects, size
and/or shape of the detected objects, etc. (collectively,
"machine vision outputs"). For instance, the machine vi-
sion function may be used to image a landing zone to
confirm the landing zone is clear/unobstructed (a landing
zone (LZ) status 362). Additionally or alternatively, the
machine vision function may determine whether physical
environment (e.g., buildings, structures, cranes, etc.)
around the aircraft 131 and/or on/near the routes 141
may be or will be (e.g., based on location, speed, flight
plan of the aircraft 131) within a safe flight envelope of
the aircraft 131. The imaging data and/or the machine
vision outputs may be referred to as "imaging output da-
ta." The camera(s) 316 may transmit the imaging data
and/or the machine vision outputs of the machine vision
function to the vehicle management computer 302. The
camera(s) 316 may determine whether elements detect-
ed in the physical environment are known or unknown
based on obstacle data stored in an obstacle database
356, such as by determining a location of the detected
object and determining if an obstacle in the obstacle da-
tabase has the same location (or within a defined range
of distance). The imaging output data may include any
obstacles determined to not be in the obstacle data of
the obstacle database 356 (unknown obstacles informa-
tion).

[0038] The GPS systems 354 may include one or more
global navigation satellite (GNSS) receivers. The GNSS
receivers may receive signals from the United States de-
veloped Global Position System (GPS), the Russian de-
veloped Global Navigation Satellite System (GLO-
NASS), the European Union developed Galileo system,
and/or the Chinese developed BeiDou system, or other
global or regional satellite navigation systems. The
GNSS receivers may determine positioning information
for the aircraft 131. The positioning information may in-
clude information about one or more of position (e.g.,
latitude and longitude, or Cartesian coordinates), alti-
tude, speed, heading, or track, etc. for the vehicle. The
GPS systems 354 may transmit the positioning informa-
tion to the on-board vehicle navigation systems 314
and/or to the vehicle management computer 302.
[0039] The on-board vehicle navigation systems 314
may include one or more radar(s), one or more magne-
tometer(s), an attitude heading reference system
(AHRS), and/or one or more air data module(s). The one
or more radar(s) may be weather radar(s) to scan for
weather and/or DAPA radar(s) (either omnidirectional
and/or directional) to scan for terrain/ground/objects/ob-
stacles. The one or more radar(s) (collectively "radar sys-
tems") may obtain radar information. The radar informa-
tion may include information about the local weather and
the terrain/ground/objects/obstacles (e.g., aircraft or ob-
stacles and associated locations/movement). The one or
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more magnetometer(s) may measure magnetism to ob-
tain bearing information for the aircraft 131. The AHRS
may include sensors (e.g., three sensors on three axes)
to obtain attitude information for the aircraft 131. The at-
titude information may include roll, pitch, and yaw of the
aircraft 131. The air data module(s) may sense external
air pressure to obtain airspeed information for the aircraft
131. The radar information, the bearing information, the
attitude information, airspeed information, and/or the po-
sitioning information (collectively, navigation informa-
tion) may be transmitted to the vehicle management com-
puter 302.

[0040] The weather program 322 may, using the com-
munications systems 306, transmit and/or receive weath-
er information from one or more of the weather informa-
tion services 318. Forinstance, the weather program 322
may obtain local weather information from weather ra-
dars and the on-board vehicle navigation systems 314,
such as the air data module(s). The weather program
may also transmit requests for weather information 320.
For instance, the request may be for weather information
320 along a route 141 of the aircraft 131 (route weather
information). The route weather information may include
information about precipitation, wind, turbulence, storms,
cloud coverage, visibility, etc. of the external environment
ofthe aircraft 131 along/near aflight path, at a destination
and/or departure location (e.g., one of the hubs 111-117),
or for a general area around the flight path, destination
location, and/or departure location. The one or more of
the weather information services 318 may transmit re-
sponses that include the route weather information. Ad-
ditionally or alternatively, the one or more of the weather
information services 318 may transmit update messages
to the aircraft 131 that includes the route weather infor-
mation and/or updates to the route weather information.
[0041] The D/S & A program 334 may, using the one
or more transponders 308 and/or the pilot/user inter-
face(s) 324, detect and avoid objects that may pose a
potential threat to the aircraft 131. As an example, the
pilot/user interface(s) 324 may receive user input(s) from
the pilots and/or users of the vehicle 310 (or radar/imag-
ing detection) to indicate a detection of an object; the
pilot/user interface(s) 324 (or radar/imaging detection)
may transmit the user input(s) (or radar or imaging infor-
mation) to the vehicle management computer 302; the
vehicle management computer 302 may invoke the D/S
& A program 334 to perform an object detection process
328 to determine whether the detected object is a non-
cooperative object 332 (e.g., it is an aircraft that is not
participating in transponder communication); optionally,
the vehicle management computer 302 may determine
a position, speed, track for the non-cooperative object
332 (non-cooperative object information), such as by ra-
dartracking orimage tracking; in response to determining
the object is a non-cooperative object 332, the vehicle
management computer 302 may determine a course of
action, such as instruct the flight control program 370 to
avoid the non-cooperative object 332. As another exam-
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ple, the one or more transponder(s) 308 may detect an
intruder aircraft (such as intruder aircraft 230) based on
an identification message from the intruder aircraft; the
one or more transponder(s) 308 may transmit a message
to the vehicle management computer 302 that includes
the identification message from the intruder aircraft; the
vehicle management computer 302 may extract an iden-
tifier and/or transponder aircraft data from the identifica-
tion message to obtain the identifier and/or speed, posi-
tion, track, etc. of the intruder aircraft; the vehicle man-
agement computer 302 may invoke the D/S & A program
334 to perform a position detection process 326 to de-
termine whether the detected object is a cooperative ob-
ject 330 and its location, speed, heading, track, etc.; in
response to determining the object is a cooperative ob-
ject 330, the vehicle management computer 302 may
determine a course of action, such as instruct the flight
control program 370 to avoid the cooperative object 330.
Forinstance, the course of action may be different or the
same for non-cooperative and cooperative objects
330/332, in accordance with rules based on regulations
and/or scenarios.

[0042] The flight routing program 344 may, using the
communications systems 306, generate/receive flight
plan information 338 and receive system vehicle infor-
mation 336 from the cloud service 205. The flight plan
information 338 may include a departure location (e.g.,
one of the hubs 111-117), a destination location (e.g.,
one of the hubs 111-117), intermediate locations (if any)
(e.g., waypoints or one or more of the hubs 111-117)
between the departure and destination locations, and/or
one or more routes 141 to be used (or not used). The
system vehicle information 336 may include other aircraft
positioning information for other aircraft with respect to
the aircraft 131 (called a "receiving aircraft 131" for ref-
erence). For instance, the other aircraft positioning infor-
mation may include positioning information of the other
aircraft. The other aircraft may include: all aircraft
131-133 and/or intruder aircraft 230; aircraft 131-133
and/or intruder aircraft 230 within a threshold distance of
the receiving aircraft 131; aircraft 131-133 and/or intruder
aircraft 230 using a same route 141 (or is going to use
the same route 141 or crossing over the same route 141)
of the receiving aircraft; and/or aircraft 131-133 and/or
intruder aircraft 230 within a same geographic area (e.g.,
city, town, metropolitan area, or sub-division thereof) of
the receiving aircraft.

[0043] The flight routing program 344 may determine
or receive a planned flight path 340. The flight routing
program 344 may receive the planned flight path 340
from another aircraft 131 or the cloud service 205 (or
other service, such as an operating service of the aircraft
131). The flight routing program 344 may determine the
planned flight path 340 using various planning algorithms
(e.g., flight planning services on-board or off-board the
aircraft 131), aircraft constraints (e.g., cruising speed,
maximum speed, maximum/minimum altitude, maximum
range, etc.) ofthe aircraft 131, and/or external constraints
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(e.g., restricted airspace, noise abatement zones, etc.).
The planned/received flight path may include a 4-D tra-
jectory of a flight trajectory with 4-D coordinates, a flight
path based on waypoints, any suitable flight path for the
aircraft 131, or any combination thereof, in accordance
with the flight plan information 338 and/or the system
vehicle information 336. The 4-D coordinates may in-
clude 3-D coordinates of space (e.g., latitude, longitude,
and altitude) for a flight path and time coordinate.
[0044] The flight routing program 344 may determine
an unplanned flight path 342 based on the planned flight
path 340 and unplanned event triggers, and using the
various planning algorithms, the aircraft constraints of
the aircraft 131, and/or the external constraints. The ve-
hicle management compute 302 may determine the un-
planned event triggers based on data/information the ve-
hicle management compute 302 receives from other ve-
hicle systems or from the cloud service 205. The un-
planned event triggers may include one or a combination
of: (1) emergency landing, as indicated by the vehicle
status/health program 352 discussed below or by a user
input to one or more display(s) 304 and/or the pilot/user
interface(s) 324; (2) intruder aircraft 230, cooperative ob-
ject 330, or non-cooperative object 332 encroaching on
a safe flight envelope of the aircraft 131; (3) weather
changes indicated by the route weather information (or
updates thereto); (4) the machine vision outputs indicat-
ing a portion of the physical environment may be or will
be within the safe flight envelope of the aircraft 131;
and/or (5) the machine vision outputs indicating a landing
zone is obstructed.

[0045] Collectively, the unplanned flight path 342/the
planned flight path 340 and other aircraft positioning in-
formation may be called flight plan data.

[0046] The vehicle status/health program 352 may
monitor vehicle systems for status/health, and perform
actions based on the monitored status/health, such as
periodically report status/health, indicate emergency sta-
tus, etc. The vehicle may obtain the edge sensor data
and the power system data 348. The vehicle sta-
tus/health program 352 may process the edge sensor
data and the power system data 348 to determine sta-
tuses of the power system 378 and the various structures
and systems monitored by the edge sensors 312, and/or
track a health of the power system 378 and structures
and systems monitored by the edge sensors 312. For
instance, the vehicle status/health program 352 may ob-
tain the power systems data 348; determine a battery
status 350; and perform actions based thereon, such as
reduce consumption of non-essential systems, report
battery status, etc. The vehicle status/health program
352 may determine an emergency landing condition
based on one or more of the power system 378 and struc-
tures and systems monitored by the edge sensors 312
has a state that indicates the power system 378 and
structures and systems monitored by the edge sensors
312 has or will fail soon. Moreover, the vehicle sta-
tus/health program 352 may transmit status/health data
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to the cloud service 205 as status/health messages (or
as a part of other messages to the cloud service). The
status/health data may include the actuation systems da-
ta, all of the edge sensor data and/or the power system
data, portions thereof, summaries of the edge sensor da-
ta and the power system data, and/or system status in-
dicators (e.g., operating normal, degraded wear, inoper-
able, etc.) based on the edge sensor data and the power
system data.

[0047] The flight control program 370 may control the
actuation system 360 in accordance with the unplanned
flight path 342/the planned flight path 340, the other air-
craft positioning information, control laws 358, navigation
rules 374, and/or user inputs (e.g., of a pilot if aircraft 131
is a piloted or semi-autonomous vehicle). The flight con-
trol program 370 may receive the planned flight path
340/unplanned flight path 342 and/or the user inputs (col-
lectively, "course"), and determine inputs to the actuation
system 360 to change speed, heading, attitude of the
aircraft 131 to match the course based on the control
laws 358 and navigation rules 374. The control laws 358
may dictate a range of actions possible of the actuation
system 360 and map inputs to the range of actions to
effectuate the course by, e.g., physics of flight of the air-
craft 131. The navigation rules 374 may indicate accept-
able actions based on location, waypoint, portion of flight
path, context, etc. (collectively, "circumstance"). For in-
stance, the navigation rules 374 may indicate a mini-
mum/maximum altitude, minimum/maximum speed,
minimum separation distance, a heading or range of ac-
ceptable headings, etc. for a given circumstance.
[0048] The vertiport status program 372 may control
the aircraft 131 during takeoff (by executing a takeoff
process 364) and during landing (by executing a landing
process 366). The takeoff process 364 may determine
whether the landing zone from which the aircraft 131 is
to leave and the flight environment during the ascent is
clear (e.g., based on the control laws 358, the navigation
rules 374, the imaging data, the obstacle data, the un-
planned flight path 342/the planned flight path 340, the
other aircraft positioning information, user inputs, etc.),
and control the aircraft or guide the pilot through the as-
cent (e.g., based on the control laws 358, the navigation
rules 374, the imaging data, the obstacle data, the flight
plan data, user inputs, etc.). The landing process 366
may determine whether the landing zone on which the
aircraft 131 is to land and the flight environment during
the descent is clear (e.g., based on the control laws 358,
the navigation rules 374, the imaging data, the obstacle
data, the flight plan data, user inputs, the landing zone
status, etc.), and control the aircraft or guide the pilot
through the descent (e.g., based on the control laws 358,
the navigation rules 374, the imaging data, the obstacle
data, the flight plan data, user inputs, the landing zone
status, etc.).

[0049] The one or more data storage systems may
store data/information received, generated, or obtained
onboard the aircraft. The one or more data storage sys-
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tems may also store software for one or more of the com-
puters onboard the aircraft.

[0050] The block diagram 300B may be the same as
the block diagram 300A, but the block diagram 300B may
omit the pilot/userinterface(s) 324 and/or the one or more
displays 304, and include a vehicle position/speed/alti-
tude system 376. The vehicle position/speed/altitude
system 376 may include or not include the on-board ve-
hicle navigation systems 314 and/or the GPS systems
354, discussed above. In the case that the vehicle posi-
tion/speed/altitude system 376 does not include the on-
board vehicle navigation systems 314 and/or the GPS
systems 354, the vehicle position/speed/altitude system
376 may obtain the navigation information from the cloud
service 205.

[0051] In one aspect of the disclosure, the landing
process 366 of the vertiport status program 372 may in-
clude: before a descent transition point, receive from the
cloud service 205 a landing zone confirmation message;
determine a landing flight path, e.g., based on landing
zone location information; start a descent to the landing
zone using the landing flight path. The landing process
366 may furtherinclude, during the descent: receive land-
ing zone data from at least one of a radar system, a cam-
era system, or a messaging system; perform an analysis
based on the landing zone data to determine whether an
unsafe condition exists; and based on the analysis, com-
pute flight controls for the vehicle to continue the descent
or modify the descent.

[0052] For instance, FIGS. 4 and 5 may depict exem-
plary scenarios for computing flight controls for vehicle
landing using sensor data fusion, according to one or
more embodiments. In FIG. 4, a vehicle 101 (e.g., one
of the aircraft 131) on aroute 141 to hub 112 may receive
the landing zone confirmation message before, at, or af-
ter the descent transition point 405. For instance, in one
aspect of the disclosure, the vehicle 101 may receive the
landing zone confirmation message at time t0 before de-
scent transition point 405; the vehicle 101 may receive
the landing zone confirmation at time t1 at the descent
transition point405; the vehicle 101 may receive the land-
ing zone confirmation message at time t2, t3, or t4 after
the descent transition point 405. The landing zone con-
firmation message may including landing zone location
information and an indication that a landing zone is clear
or not, or change from original to another landing zone.
The landing zone location information may include a GPS
coordinate for the landing zone. While the descent tran-
sition point 405 is depicted as coinciding with an edge of
beam 225 of a directional radar system of a ground sta-
tion 215 for the hub 112 (or the landing zone 112A of a
plurality of landing zones 112A through 112N for the hub
112), the descent transition point 405 may be outside the
beam 225, closer to the hub 112, or set based on circum-
stances for the hub (e.g., for clearance from obstacles).
[0053] With or without the landing zone confirmation
message, the vehicle 101 may determine a landing flight
path (e.g., based on the landing zone location information
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and/or based on the control laws 358, the navigation rules
374, the imaging data, the obstacle data, the flight plan
data, user inputs, the landing zone status, etc.) from the
route 141 (or from outside of a route 141) to the descent
transition point 405 to the landing zone. The vehicle 101
may then start a descent to the landing zone using the
landing flight path.

[0054] The landing process 366 may further include,
during the descent: confirm position and alignment; lock
onto an approach beacon; and perform a descent cross-
check process to determine whether an unsafe condition
is present. The landing process 366 may further include,
during the descent, based on an output of the descent
cross-check process, computing flight controls for the ve-
hicle to continue the descent or modify the descent.
[0055] To confirm position and alignment, the landing
process 366 may control the radar system to receive sig-
nals from and/or lock onto signals from a landing pad
beacon; analyze the signals to determine whether the
vehicle 101 has selected the correct landing zone (e.g.,
corresponds to the landing zone in the landing zone con-
firmation message); obtain positioning and/or orientation
information from, e.g., the cloud service 205 or from on
board systems (e.g., AHRS, radar, cameras, GPS, etc.);
compare the positioning and/or orientation information
to expected navigation data and/or radar data to confirm
proper alignment and position for approach; and, in re-
sponse to determining the correctlanding zone has been
selecting and/or the comparison indicates a proper align-
ment and position for approach, then confirming the ve-
hicle 101 may proceed with the landing approach. The
landing pad beacon may be the same as the directional
radar system of a ground station 215 for the hub 112 or
the landing pad beacon may be a different directional
radar system for the hub 112. The expected navigation
data and/or radar data may be landing zone specific in-
formation for acceptable approach positions and orien-
tations stored on board the vehicle 101, received from
the cloud service 205, or received in the landing zone
confirmation message. For instance, the landing zone
beacon may be a DAPA radar specifically programed to
transmit an encoded signal (e.g., a unique encoded sig-
nal) to the vehicle 101 to signify landing pad 112A.
[0056] The obtaining the positioning and/or orientation
information may include requesting and receiving from,
e.g., the cloud service 205 or the on-board systems the
positioning and/or orientation information; and determin-
ing one or a combination of: (1) distance from the landing
zone beacon; (2) a relative orientation from the landing
zone beacon; and/or (3) a position and/or altitude with
respect to the landing zone beacon. The positioning
and/or orientation information may include the bearing
information, the attitude information, the airspeed infor-
mation, and/or the positioning information of the naviga-
tion information to indicate the position (e.g., GPS coor-
dinate), altitude, orientation, speed (descent rate and/or
other speed vector components), airspeed, and/or bear-
ing of the vehicle 101. The positioning and/or orientation
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information may further include altitude (e.g., based on
range finding to a landing zone) and a descent rate (e.g.,
a time derivate of the altitude), and/or altitude and de-
scent rate based on the radar signals from the radar sys-
tem.

[0057] To perform the descent cross-check process,
the vehicle 101 may receive landing zone data from at
least one of a radar system, a camera system, or a mes-
saging system; and perform an analysis based on the
landing zone data to determine whether an unsafe con-
dition exists.

[0058] For instance, the vehicle 101 may periodically
(e.g., at predetermined intervals) or continuously receive
the landing zone data and perform the analysis. In FIG.
4, the vehicle 101 may never determine an unsafe con-
dition so the vehicle continues the descent until landing
at time t5; meanwhile in FIG. 5, the vehicle 101 may de-
termine an unsafe condition at time t4, and perform a
maneuver to modify the descent, and perform subse-
quent vehicle operations at time t5. For instance, the
computing the flight control for the vehicle to continue
the descent or modify the descentincludes, may include:
continuing the descent if no unsafe condition exists and
modifying the descent if the unsafe condition exists. The
modifying the descent, may include one or more of: de-
creasing descent rate, performing a maneuver to a hold-
ing area or alternative landing zone, or re-attempt the
descent. For instance, the decreasing the descent rate
may reduce the descent rate to greater than zero, zero,
or less than zero (e.g., the vehicle is gaining altitude). As
an example, the vehicle 101 may invoke the flight control
program 370 to control the actuation system 360 to follow
a descent flight path (if no unsafe condition), or to control
the actuation system 360 to modify the descent (e.g.,
reduce rate or descent, move to holding area, etc.).
[0059] Specifically, the vehicle 101 may (in accord-
ance the descent cross-check process and the landing
process 366): receive descent data from one or more of
a plurality of systems (which may correspond to the land-
ing zone data discussed above); perform an analysis of
the descent data to determine whether an unsafe condi-
tionis present(e.g., determine whether an analysis result
indicates an unsafe condition is present); in response to
determining the analysis result indicates an unsafe con-
dition, perform a maneuver to a holding area, an alternate
landing zone, or to re-attempt the landing zone; in re-
sponse to determining the analysis result does not indi-
cate an unsafe condition, determine whether the landing
is complete; in response to determining the landing is not
complete, receive more descent data and perform the
analysis again; and in response to determining the land-
ing is complete, transmit a success message to the cloud
service 205.

[0060] The descent cross-check process may perform
one or more distinct cross-check processes, such a first
process, a second process, and/or a third process. The
descent-cross check process may perform the first proc-
ess, the second process, and/or the third process in par-
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allel orin sequence, or the descent cross-check process
may perform only one, two, or all three of the first process,
the second process, or the third process. The first proc-
ess may be a separate process for the receiving descent
data and performing an analysis; the second process
may be a first sequential process for the receiving de-
scent data and performing an analysis; the third process
may be a second sequential process for the receiving
descent data and performing an analysis.

[0061] For instance, the separate process may inde-
pendently control a first and second sensor system to
detect an unsafe condition by executing a first sensor
process and a second sensor process separately; the
first sequential process may perform the first sensor proc-
ess then, under certain circumstances, perform the sec-
ond sensor process; the second sequential process may
perform the second sensor process then, under certain
circumstances, perform the first sensor process.

[0062] The first sensor process may perform a profile
check process and one of a scanning confirmation proc-
ess or a vision confirmation process; the second sensor
process may perform the other one of the scanning con-
firmation process or the vision confirmation process. The
scanning confirmation process may control the radar sys-
tems of the vehicle 101 to obtain radar data from (the
radar information of) the radar systems of the vehicle
101. The vision confirmation process may control the
camera(s) 316 to obtain the imaging output data from
(the camera(s) 316) the vehicle 101. The profile check
process may: control the on-board vehicle navigation
systems 314 to obtain navigation data from (the naviga-
tion information of) the on-board vehicle navigation sys-
tems 314 of the vehicle 101 and/or control the radar sys-
tems of the vehicle 101 to obtain radar data from (the
radar information of) the radar systems of the vehicle
101; and determine whether the descent stays within a
descent profile.

[0063] With respect to the profile check process, the
profile check process may also obtain the navigation data
and the radar data, as discussed above with respect to
locking onto the landing zone beacon signal. The profile
check process may: obtain the navigation data and/or
the radar data; compare the navigation data to the radar
data to for each data type to check that each is reporting
the same or within a threshold similarity of each other;
and compare the navigation data and/or the radar data
to a profile expected data set. The profile expected data
set may include the same data types as the navigation
data and the radar data (e.g., position, altitude, descent
rate, etc.) based on a previous reading of the navigation
data and the radar data, adjusted for expected changes
in data (e.g., based on velocity, acceleration, rotation,
etc. and aerodynamics). The profile check process may
determine, based on the comparison, whether there is a
substantial change from the current navigation data
and/or radar data to the profile expected data set. For
instance, a substantial change may be that a position/al-
titude/descent rate is more than a threshold amount from
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a position/altitude/descent rate of the profile expected
data set. Inresponse to detecting the substantial change,
the profile check process may determine an unsafe con-
dition.

[0064] Additionally or alternatively, the profile expect-
ed data may include descent conditions. The descent
conditions may include one or a combination of: (1) a
flight envelope condition (e.g., a three-dimensional vol-
ume in which the vehicle 101 must remain), (2) a descent
rate condition (e.g., descent rate must be less than a
predetermined value, and the predetermined value may
vary according to an altitude of the vehicle, such as the
descent rate must be slower as the altitude decreases);
and/or (3) heading, pitch, and/or roll conditions (e.g., a
heading/pitch/roll of the vehicle 101 must be between a
first predetermined degree and a second predetermine
degree). The profile check process may determine
whether one or more of the above conditions are satis-
fied; and, in response to determining the one or more
conditions are not satisfied, determine an unsafe condi-
tion.

[0065] One of skill in the art would realize that compar-
isons that indicate substantial changes and/or conditions
may be varied and determined in numerous manners,
and generally the comparison and/or conditions are to
confirm that the vehicle 101 is descending as expected.
For example, the comparison/conditions may determine
whether wind gusts are causing the descent rate to in-
crease beyond a threshold amount, determine whether
the vehicle 101 is drifting away from the landing zone, etc.
[0066] With respect to the scanning confirmation proc-
ess, the scanning confirmation process may control the
radar systems to scan and map the landing zone, and
include landing zone mapping data in the radar data. The
landing zone mapping data may include radar mapping
data that indicates a two-dimensional area/three-dimen-
sional structural of the landing zone (e.g., a plurality of
radar readings from different segments of the scan of the
landing zone that indicate positions of the surface of the
landing zone and/or of obstacles on the landing zone).
The scanning confirmation process may compare the
landing zone mapping data to an expected landing zone
mapping data (which may be included in a scanning ex-
pected data set). The expected landing zone mapping
data may indicate the two-dimensional area/three-di-
mensional structure of the landing zone when the landing
zone is clear. The expected landing zone mapping data
may be provided by the cloud service 205, either in route
to the hub 112 or in the landing zone confirmation mes-
sage. The expected landing zone mapping data may be
updated by the cloud service 205 if the cloud service 205
becomes aware of changes to the two-dimensional ar-
ea/three-dimensional structure of the landing zone, and
the cloud service 205 may provide the most recent two-
dimensional area/three-dimensional structure of the
landing zone to the vehicle 101. The expected landing
zone mapping data may, alternatively, be based on the
first/most recent reading of the landing zone mapping
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data, or a reading between the first and most recentread-
ing, or any combination thereof. The scanning confirma-
tion process may determine, based on the comparison,
whether there is a substantial change from the current
reading of the landing zone mapping data to the expected
landing zone mapping data. For instance, a substantial
change may be that a segment (e.g., a grouping of radar
readings) of the two-dimensional area/three-dimensional
structure of the current reading of the landing zone map-
ping data is more than a threshold distance from points
in the two-dimensional area/three-dimensional structure
of the expected landing zone mapping data. One of skill
in the art would realize that comparisons that indicate
substantial changes may be varied and determined in
numerous manners, and generally the scanning and
mapping described herein is to determine whether an
obstruction has entered the landing zone of the vehicle
101. If the scanning confirmation process determines a
substantial change is present, the scanning confirmation
process may determine an obstacle (or potential conflict)
is present.

[0067] Withrespect to the vision confirmation process,
the imaging output data may include the imaging data
and/or the machine vision outputs, where the imaging
data may include one or more of the inferred images; the
opticalimages; and/or the LIDAR point cloud data. In one
aspect of the disclosure, the vision confirmation process
may obtain the imaging data and/or the machine vision
outputs; and analyze the imaging data and/or the ma-
chine vision outputs to determine whether an expected
symbol or representation (vision expected data) is
present. The expected symbol or representation may be
a light pattern on the landing zone, or an identifier pattern
on the landing zone. The landing zones of the hubs
111-117 may have the same or different (e.g., unique)
light patterns or identifier patterns. The light patterns may
be visible or inferred light patterns from light sources
(e.g., lights/LEDS, lamps, etc.) on the landing zone. The
identifier patterns may be visible or inferred patterns on
a surface of the landing zones of the hubs 111-117, ap-
plied by, e.g., paintor other material. To determine wheth-
er an expected symbol or representation is present, the
vision confirmation process may analyze the imaging da-
ta and/or the machine vision outputs to determine wheth-
er similar patterns to the light pattern or identifier pattern
are present in the imaging data or the machine vision
outputs. For instance, the vision confirmation process
may use a machine learning algorithm or pattern detec-
tion algorithm to detect and match patterns to the light
pattern or identifier pattern for the landing zone of the
hub 112. If the expected symbol or representation is de-
termined to be presentin the imaging data or the machine
vision outputs, the vision confirmation process may de-
termine the landing zone is clear, otherwise the vision
confirmation process may determine an obstacle (or po-
tential conflict) is present.

[0068] In another aspect of the disclosure, the vision
confirmation process may also, separately or as a part
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of the above process, control the camera(s) to scan and
map the landing zone using the LIDAR system of the
vehicle, and include LIDAR landing zone data in the im-
aging data. The LIDAR landing zone data may include
LIDAR point cloud data that indicates a two-dimensional
area/three-dimensional structural of the landing zone
(e.g., a plurality of LIDAR point readings from different
segments of the scan of the landing zone that indicate
positions of the surface of the landing zone and/or of
obstacles on the landing zone). The vision confirmation
process may compare the LIDAR landing zone data to
an expected LIDAR landing zone data (which may be
included in the vision expected data set). The expected
LIDAR landing zone data may indicate the two-dimen-
sional area/three-dimensional structure of the landing
zone. The expected LIDAR landing zone data may be
provided by the cloud service 205, either in route to the
hub 112 or in the landing zone confirmation message.
The expected LIDAR landing zone data may be updated
by the cloud service 205 if the cloud service 205 becomes
aware of changes to the two-dimensional area/three-di-
mensional structure of the landing zone, and the cloud
service 205 may provide the most recent two-dimension-
al area/three-dimensional structure of the landing zone
to the vehicle 101. The expected LIDAR landing zone
data may, alternatively, be based on the first/most recent
reading of the expected LIDAR landing zone data, or a
reading between the first and most recent reading, or any
combination thereof. The vision confirmation process
may determine, based on the comparison, whether there
is a substantial change from the current reading of the
LIDAR landing zone data to the expected LIDAR landing
zone data. For instance, a substantial change may be
thata segment (e.g., a grouping of LIDAR point readings)
of the two-dimensional area/three-dimensional structure
of the current reading of the LIDAR landing zone data is
more than a threshold distance from points in the two-
dimensional area/three-dimensional structure of the ex-
pected LIDAR landing zone data. One of skill in the art
would realize that comparisons that indicate substantial
changes may be varied and determined in numerous
manners, and generally the scanning and mapping by
the LIDAR system described herein is to determine
whether an obstruction has entered the landing zone of
the vehicle 101. If the vision confirmation process deter-
mines a substantial change is present, the vision confir-
mation process may determine an obstacle (or potential
conflict) is present.

[0069] Inthe case of the separate process, the descent
cross-check process may: determine whether an obsta-
cleis present using either (or only if both) the first process
and the second process to determine an obstacle is
present; and in response to determining an obstacle is
present determine an unsafe condition is present. In the
case of the first sequential process, the descent cross-
check process may: determine whether a potential con-
flict is present using the first process (e.g., the altitude
process or the vision process determines an object is
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present as a potential conflict); in response to the first
process determining a potential conflict (e.g., the altitude
process or the vision process determines an object is
present), then the second process may confirm whether
the potential conflict is an obstacle (e.g., using the other
of the altitude process or the vision process to determine
an object is present); and in response to confirming the
potential conflictis an obstacle, determine an unsafe con-
dition. In the case of the second sequential process, the
descent cross-check process may: determine whether a
potential conflict is present using the second process
(e.g., the altitude process or the vision process deter-
mines an object is present as a potential conflict); in re-
sponse to the second process determining a potential
conflict (e.g., the altitude process or the vision process
determines an object is present), then the first process
may confirm whether the potential conflict is an obstacle
(e.g., using the other of the altitude process or the vision
process to determine an object is present); and in re-
sponse to confirming the potential conflict is an obstacle,
determine an unsafe condition.

[0070] As an example, the vehicle 101 may be
equipped with a multi-sensor and navigation sensor
suite. The multi-sensor and navigation sensor suite may
include a software Adjustable Radar (SWARS), an on-
board camera (e.g., at least two cameras), an Altitude
and Heading Reference System (AHRS), and a GPS sys-
tem. The SWARS may perform multiple functions, includ-
ing target detection and tracking, ground mapping, and
radar altimetry. The on-board cameras may include or
be supported by an onboard image processor that ana-
lyzes imaging data to detect obstacles and/or patterns
on landing zones. The AHRS may determine an attitude
and heading of the vehicle 101 (e.g., roll, pitch, heading).
The GPS system may determine a position of the vehicle
101 (e.g., GPS coordinates). The multi-sensor and nav-
igation sensor suite may: prior to the vehicle 101 ap-
proaching the descent transition point 405, receive a
landing zone confirmation message (indicating landing
zone location and the landing zone is clear, occupied, or
change from original to backup landing pad) from the
cloud service 205; before or atthe descent transition point
405, receive a final confirmation of a clear landing zone
from the cloud service 205 (e.g., another landing zone
confirmation message); determine a descent flight path,
by loading the landing zone location (e.g., GPS position)
into the flight routing program 344; and start the descent
using the descent flight path. The vehicle, during the de-
scent, may: control the SWARS lock onto the landing pad
beacon; and perform the descent cross-check process
to cross-check potential conflicts or to confirm the landing
zone is clear. Using the descent cross-check process,
the vehicle 101 may: control the AHRS to obtain posi-
tioning information and alignment information to confirm
position and alignment to the landing pad beacon and
control the SWARS to obtain altitude and descent rate
to confirm altitude and descent rate (e.g., by performing
the profile check process); control the camera to acquire
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the light pattern or identifier pattern (e.g., by performing
the vision confirmation process); control the SWARS to
scan and map the landing zone to ensure clearance (e.g.,
by performing the scanning confirmation process to en-
sure no other vehicles/obstacles are parked at/on the
landing zone); and cross check conflicts (if any of the
above indicates a potential conflict) or confirm landing
pad is clear. The vehicle 101 may continue the descent
cross-check process until the vehicle 101 lands on the
landing zone.

[0071] Forinstance, in the above example, if the cam-
era could notacquire the light pattern or identifier pattern,
the descent cross-check process may determine a po-
tential conflict, and cross-check the potential conflict by
controlling the SWARS to scan and map the landing zone
to confirm the potential conflict as an obstacle (or obtain
the most recent output of the scanning confirmation proc-
ess). If the potential conflict is confirmed as an obstacle,
then the descent cross-check process may determine an
unsafe condition and abort the descent to the landing
zone.

[0072] Inanotheraspect of the disclosure, the descent
cross-check process may determine an unsafe condition
(and therefore stop the descent to the landing zone), if
the vehicle 101 receives an instruction message from the
cloud service 205 that another vehicle or obstacle is
presentonthelanding zone. The vehicle 101 may confirm
this information by performing one or both of the scanning
confirmation process and the vision confirmation proc-
ess. The vehicle 101 may stop the descent (or not even
start the descent) with or without confirming the informa-
tion.

[0073] If no unsafe conditions are detected, the multi-
sensor and navigation sensor suite of the vehicle may
continue the descent cross-check process until the ve-
hicle lands on the landing zone. Therefore, the multi-sen-
sor and navigation sensor suite may confirm a landing is
proceeding in a safe manner by cross-checking multiple
different sensor systems (e.g., radar and cameras) and
data sources (AHRS and GPS systems).

[0074] FIG. 6 depicts a flowchart for computing flight
controls for vehicle landing using sensor data fusion, ac-
cording to one or more embodiments. The flowchart 600
may depict a landing process of a vehicle, such as for
the aircraft 131. The flowchart 600 may be performed by
the aircraft 131, either semi or fully autonomously.
[0075] The aircraft 131 may start the process of the
flowchart 600 to, while in transit, communicate with a
service (block 605). For instance, the aircraft 131 may
transmit current positioning information to the cloud serv-
ice 205 and receive initial landing zone confirmation mes-
sages and/or weather information, as discussed above
with respect to FIGS. 3A and 3B.

[0076] The aircraft 131 may continue the process to,
before a descent transition point for a landing zone, re-
ceive a landing zone confirmation message from the
service (block 610). For example, the aircraft 131 may
receive a final confirmation of a clear landing zone, as
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discussed above with respect to FIGS. 3A and 3B.
[0077] The aircraft 131 may continue the process to
determine a landing flight path (block 615). For instance,
the aircraft 131 may input a landing zone location (e.g.,
GPS position) into the flight routing program 344 to de-
termine the landing flight path, as discussed above with
respect to FIGS. 3A and 3B.

[0078] The aircraft 131 may continue the process to
determine whether to start a landing process (block 620).
Forinstance, the aircraft 131 may determine whether the
aircraft 131 has reached the descent transition point 405
(e.g., by determining whether the GPS position of the
aircraft 131 is within a threshold distance to a position of
the descent transition point 405), as discussed above
with respect to FIGS. 3A and 3B.

[0079] Inresponse to determining not to start the land-
ing process (block 620: No), the aircraft 131 may continue
the process to perform a maneuver to a holding area, an
alternate landing zone, or to re-attempt the landing zone
(block 625). The aircraft 131 may continue the process
to determine a landing flight path (block 615), e.g., to the
same landing zone or different landing zone.

[0080] In response to determining to start the landing
process (block 620: Yes), the aircraft 131 may continue
the process to start the descent (block 630). The aircraft
131 may continue the process to perform a descent
cross-check process (block 635). For instance, the air-
craft 131 may control a multi-sensor and navigation sen-
sor and perform the scanning confirmation process, the
vision confirmation process, and/or the profile check
process, as discussed above with respect to FIGS. 3A
and 3B.

[0081] FIG. 7 depicts a flowchart for computing flight
controls for vehicle landing using sensor data fusion, ac-
cording to one or more embodiments. The flowchart 700
may depict a descent cross-check landing process of a
vehicle, such as for the aircraft 131, as discussed above
in block 630 of FIG. 6. The flowchart 700 may be per-
formed by the aircraft 131, either semi or fully autono-
mously.

[0082] The aircraft 131 may start the process of the
flowchart 700 to confirm position and alignment (block
705). For instance, the aircraft 131 may perform the pro-
file check process, as discussed above with respect to
FIGS. 3A and 3B.

[0083] The aircraft 131 may continue the process to
lock onto approach beacon (block 710). For instance, the
aircraft 131 may control the radar system to lock on sig-
nals from the landing zone beacon, as discussed above
with respect to FIGS. 3A and 3B.

[0084] The aircraft 131 may continue the process to
receive descent data from one or more of a plurality of
systems (block 715). For instance, the aircraft 131 may
perform one or more of the scanning confirmation proc-
ess, the vision confirmation process, and the profile
check process to obtain the descent data, as discussed
above with respect to FIGS. 3A and 3B.

[0085] The aircraft 131 may continue the process to
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perform an analysis of the descent data (block 720). For
instance, the aircraft 131 may continue to perform one
or more of the scanning confirmation process, the vision
confirmation process, and the profile check process to
determine a potential conflict or unsafe condition, as dis-
cussed above with respect to FIGS. 3A and 3B.

[0086] The aircraft 131 may continue the process to
determine whether analysis result indicates an unsafe
condition (block 725). For instance, the aircraft 131 may
determine an unsafe condition if the descent cross-check
process confirms a potential conflict as an obstacle or if
the profile check process determines an unsafe condi-
tion, as discussed above withrespectto FIGS. 3Aand 3B.
[0087] In response to determining the analysis result
indicates an unsafe condition (block 725: Yes), the air-
craft 131 may continue the process to perform a maneu-
ver to a holding area, an alternate landing zone, or to re-
attempt the landing zone (block 730).

[0088] In response to determining the analysis result
does not indicate an unsafe condition (block 725: No),
the aircraft 131 may continue the process to determine
whether the landing is complete (block 735). For in-
stance, the aircraft 131 may determining whether the air-
craft 131 has landed, such as be detecting wheel touch
down.

[0089] In response to determining the landing is not
complete (block 735: No), the aircraft 131 may continue
the process to receive more descent data and perform
the analysis again (blocks 715 and 720, respectively).
[0090] In response to determining the landing is com-
plete (block 735: Yes), the aircraft 131 may continue the
process to transmit a success message to the service
(block 740). For instance, the aircraft 131 may transmit
the success message to indicate the landing zone is in
use by the aircraft 131.

[0091] FIGS. 8A-8C depict flowcharts for computing
flight controls for vehicle landing using sensor data fu-
sion, according to one or more embodiments. The flow-
charts 800A-800C may depict three different methods of
receiving descent data and performing an analysis, as
depicted in blocks 715 and 720 of FIG. 7. The flowcharts
800A-800C may be performed by the aircraft 131, either
semi or fully autonomously.

[0092] The flowchart 800A may correspond to a sep-
arate process for the receiving descent data and per-
forming an analysis; the flowchart 800B may correspond
to a first sequential process for the receiving descent
data and performing an analysis; the flowchart 800C may
correspond to a second sequential process for the re-
ceiving descent data and performing an analysis. For in-
stance, the separate process may independently control
a first and second sensor system to detect an unsafe
condition by executing a first sensor process and a sec-
ond sensor process separately; the first sequential proc-
ess may perform the first sensor process then, under
certain circumstances, perform the second sensor proc-
ess; the second sequential process may perform the sec-
ond sensor process then, under certain circumstances,
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perform the first sensor process. The first sensor process
may correspond to the blocks 805 through 830, and the
second sensor process may correspond to the block 835
through 850.

[0093] The aircraft 131 may start the process of the
flowchart 800A to control a first sensor system to obtain
first data (block 805). For instance, the aircraft 131 may
control a navigation system to obtain navigation informa-
tion, a radar system to obtain radar data, and/or camera
systems to obtain imaging output data, as discussed
above with respect to FIGS. 3A and 3B.

[0094] The aircraft 131 may continue the process to
(in parallel, at the same time, in sequence, alternatively,
etc.) (1) compare the first data to a descent profile (block
810) and/or (2) compare the first data to expected first
data (block 815). For instance, the aircraft 131 may (1)
perform the profile check process to compare the first
data to a descent profile and (2) perform the scanning
confirmation process or the vision confirmation process
to compare the first data to the expected first data, as
discussed above with respect to FIGS. 3A and 3B.
[0095] Inthe case thatthe first data is compared to the
descent profile, the aircraft 131 may continue the process
to determine whether the comparison indicates the first
data exceeds a threshold for the descent profile (block
820). For instance, the aircraft 131 may determine one
or more conditions are not satisfied (e.g., aircraft 131
outside three-dimensional volume of the flight envelope
condition), as discussed above with respect to FIGS. 3A
and 3B. In response to determining the comparison does
not indicate the first data exceeds the threshold for the
descent profile (block 820: No), the aircraft 131 may con-
tinue the process to control the first sensor system to
obtain more first data (block 805). In response to deter-
mining the comparison indicates the first data does ex-
ceed the threshold for the descent profile (block 820:
Yes), the aircraft 131 may continue the process to deter-
mine an unsafe condition (block 825).

[0096] In the case that the first data is compared to the
expected first data, the aircraft 131 may continue the
process to determine whether the comparison indicates
the first data exceeds a threshold for the expected first
data (block 830). For instance, the aircraft 131 may de-
termine a potential conflict if the scanning confirmation
process or the vision confirmation process determines a
substantial change, as discussed above with respect to
FIGS. 3A and 3B. In response to determining the com-
parison indicates the first data does not exceed the
threshold for the expected first data (block 830: No), the
aircraft 131 may continue the process to control the first
sensor system to obtain more first data (block 805). In
response to determining the comparison indicates the
first data exceeds the threshold for the expected first data
(block 830: Yes), the aircraft 131 may continue the proc-
ess to determine an unsafe condition (block 850).
[0097] Separately, the aircraft 131 may also independ-
ently start the process of the flowchart 800A to control a
second sensor system to obtain second data (block 835).
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For instance, the aircraft 131 may control the radar sys-
tem to obtain the radar data or control the camera sys-
tems to obtain the imaging output data to obtain the sec-
ond data, as discussed above with respect to FIGS. 3A
and 3B.

[0098] The aircraft 131 may continue the process com-
pare the second data to expected second data (block
840). Forinstance, the aircraft 131 may perform the other
of the scanning confirmation process or the vision con-
firmation process, as discussed above with respect to
FIGS. 3A and 3B.

[0099] The aircraft 131 may continue the process to
determine whether the comparison indicates the second
data exceeds a threshold for the expected second data
(block 845). For instance, the aircraft 131 may determine
a potential conflict if the scanning confirmation process
or the vision confirmation process determines a substan-
tial change, as discussed above with respect to FIGS.
3A and 3B. In response to determining the comparison
indicates the second data does not exceed the threshold
for the expected second data (block 845: No), the aircraft
131 may continue the process to control the second sen-
sor system to obtain more second data (block 835). In
response to determining the comparison indicates the
second data exceeds the threshold for the expected sec-
ond data (block 845: Yes), the aircraft 131 may continue
the process to determine an unsafe condition (block 850).
[0100] The flowchart 800B may be same the same as
the flowchart 800A, except the aircraft 131 may execute
the first sensor process and, in response to determining
the comparison indicates the first data exceeds the
threshold for the expected first data (block 830: Yes), the
aircraft 131 may continue the process to control the sec-
ond sensor system to obtain second data (block 835), to
therefore execute the second sensor process.

[0101] The flowchart 800C may be same the same as
the flowchart 800A, except the aircraft 131 may execute
the second sensor process and, in response to determin-
ing the comparison indicates the second data does ex-
ceed the threshold for the expected second data (block
845: Yes), the aircraft 131 may continue the process to
control the first sensor system to obtain first data (block
805), to therefore execute the first sensor process.
[0102] FIG. 9 depicts an example system that may ex-
ecute techniques presented herein. FIG. 9 is a simplified
functional block diagram of a computer that may be con-
figured to execute techniques described herein, accord-
ing to exemplary embodiments of the present disclosure.
Specifically, the computer (or "platform" as it may not be
a single physical computer infrastructure) may include a
data communication interface 960 for packet data com-
munication. The platform may also include a central
processing unit ("CPU") 920, in the form of one or more
processors, for executing program instructions. The plat-
form may include an internal communication bus 910,
and the platform may also include a program storage
and/or a data storage for various data files to be proc-
essed and/or communicated by the platform such as
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ROM 930 and RAM 940, although the system 900 may
receive programming and data via network communica-
tions. The system 900 also may include input and output
ports 950 to connect with input and output devices such
as keyboards, mice, touchscreens, monitors, displays,
etc. Of course, the various system functions may be im-
plemented in a distributed fashion on a number of similar
platforms, to distribute the processing load. Alternatively,
the systems may be implemented by appropriate pro-
gramming of one computer hardware platform.

[0103] The general discussion of this disclosure pro-
vides a brief, general description of a suitable computing
environment in which the present disclosure may be im-
plemented. In one embodiment, any of the disclosed sys-
tems, methods, and/or graphical user interfaces may be
executed by orimplemented by a computing system con-
sistent with or similar to that depicted and/or explained
in this disclosure. Although not required, aspects of the
present disclosure are described in the context of com-
puter-executable instructions, such as routines executed
by a data processing device, e.g., a server computer,
wireless device, and/or personal computer. Those skilled
in the relevant art will appreciate that aspects of the
present disclosure can be practiced with other commu-
nications, data processing, or computer system config-
urations, including: Internet appliances, hand-held devic-
es (including personal digital assistants ("PDAs")), wear-
able computers, all manner of cellular or mobile phones
(including Voice over IP ("VolP") phones), dumb termi-
nals, media players, gaming devices, virtual reality de-
vices, multi-processor systems, microprocessor-based
or programmable consumer electronics, set-top boxes,
network PCs, mini-computers, mainframe computers,
and the like. Indeed, the terms "computer,” "server," and
the like, are generally used interchangeably herein, and
refer to any of the above devices and systems, as well
as any data processor.

[0104] Aspects of the present disclosure may be em-
bodied in a special purpose computer and/or data proc-
essor that is specifically programmed, configured, and/or
constructed to perform one or more of the computer-ex-
ecutable instructions explained in detail herein. While as-
pects of the present disclosure, such as certain functions,
are described as being performed exclusively on a single
device, the present disclosure may also be practiced in
distributed environments where functions or modules are
shared among disparate processing devices, which are
linked through a communications network, such as a Lo-
cal Area Network ("LAN"), Wide Area Network ("WAN"),
and/or the Internet. Similarly, techniques presented here-
in as involving multiple devices may be implemented in
a single device. In a distributed computing environment,
program modules may be located in both local and/or
remote memory storage devices.

[0105] Aspects ofthe presentdisclosure may be stored
and/or distributed on non-transitory computer-readable
media, including magnetically or optically readable com-
puter discs, hard-wired or preprogrammed chips (e.g.,
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EEPROM semiconductor chips), nanotechnology mem-
ory, biological memory, or other data storage media. Al-
ternatively, computer implemented instructions, data
structures, screendisplays, and other data under aspects
of the present disclosure may be distributed over the In-
ternet and/or over other networks (including wireless net-
works), on a propagated signal on a propagation medium
(e.g., an electromagnetic wave(s), a sound wave, etc.)
over a period of time, and/or they may be provided on
any analog or digital network (packet switched, circuit
switched, or other scheme).

[0106] Program aspects of the technology may be
thought of as "products" or "articles of manufacture" typ-
ically in the form of executable code and/or associated
data that is carried on or embodied in a type of machine-
readable medium. "Storage" type media include any or
all of the tangible memory of the computers, processors
or the like, or associated modules thereof, such as vari-
ous semiconductor memories, tape drives, disk drives
and the like, which may provide non-transitory storage
at any time for the software programming. All or portions
of the software may at times be communicated through
the Internet or various other telecommunication net-
works. Such communications, for example, may enable
loading of the software from one computer or processor
into another, for example, from a management server or
host computer of the mobile communication network into
the computer platform of a server and/or from a server
to the mobile device. Thus, another type of media that
may bear the software elements includes optical, elec-
trical and electromagnetic waves, such as used across
physical interfaces between local devices, through wired
and optical landline networks and over various air-links.
The physical elements that carry such waves, such as
wired or wireless links, optical links, or the like, also may
be considered as media bearing the software. As used
herein, unless restricted to non-transitory, tangible "stor-
age" media, terms such as computer or machine "read-
able medium" refer to any medium that participates in
providing instructions to a processor for execution.
[0107] Theterminology used above may be interpreted
inits broadestreasonable manner, even thoughitis being
used in conjunction with a detailed description of certain
specific examples of the present disclosure. Indeed, cer-
tain terms may even be emphasized above; however,
any terminology intended to be interpreted in any restrict-
ed manner will be overtly and specifically defined as such
in this Detailed Description section. Both the foregoing
general description and the detailed description are ex-
emplary and explanatory only and are not restrictive of
the features, as claimed.

[0108] As used herein, the terms "comprises," "com-
prising," "having," including," or other variations thereof,
are intended to cover a non-exclusive inclusion such that
a process, method, article, or apparatus that comprises
a list of elements does not include only those elements,
but may include other elements not expressly listed or
inherentto such a process, method, article, or apparatus.
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[0109] In this disclosure, relative terms, such as, for
example, "about," "substantially," "generally," and "ap-
proximately" are used to indicate a possible variation of
+10% in a stated value.

[0110] The term "exemplary" is used in the sense of
"example" rather than "ideal." As used herein, the singu-
lar forms "a," "an," and "the" include plural reference un-
less the context dictates otherwise.

[0111] Otherembodiments of the disclosure will be ap-
parent to those skilled in the art from consideration of the
specification and practice of the invention disclosed here-
in. It is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit
of the invention being indicated by the following claims.

Claims

1. A method for computing flight controls for landing a
vehicle, comprising:

before a descent transition point, receiving from
a service a landing zone confirmation including
landing zone location information and an indica-
tion that a landing zone is clear;

determining a landing flight path based on the
landing zone location information;

upon the vehicle starting adescent to the landing
zone using the landing flight path:

receiving landing zone data from at least
one of a radar system, a camera system,
an altitude and heading reference system
(AHRS), and a GPS system;

performing an analysis based on the land-
ing zone data to determine whether an un-
safe condition exists; and

based on the analysis, computing flight con-
trols for the vehicle to continue the descent
or modify the descent.

2. Themethod of claim 1, wherein the receiving landing
zone data and the performing the analysis based on
the landing zone data includes:

performing a descent cross-check process,
wherein the descent cross-check process per-
forms, in parallel or in sequence, a first sensor
process and a second sensor process.

3. The method of claim 2, wherein the first sensor proc-
ess performs a profile check process and a first one
of a scanning confirmation process or a vision con-
firmation process,
the second sensor process performs a second one
of the scanning confirmation process or the vision
confirmation process,
the descent cross-check process determines an un-
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safe condition exists in response to:

the profile check process determining an unsafe
condition is present,

the first one of the scanning confirmation proc-
ess or the vision confirmation process deter-
mines a potential conflict and the second one of
the scanning confirmation process or the vision
confirmation process confirms the potential con-
flict as the unsafe condition, or

the second one of the scanning confirmation
process or the vision confirmation process de-
termines the potential conflict and the first one
of the scanning confirmation process or the vi-
sion confirmation process confirms the potential
conflict as the unsafe condition, and

the computing the flight control for the vehicle
to continue the descent or modify the descent
includes: continuing the descent if no unsafe
condition exists and modifying the descent if the
unsafe condition exists, the modifying the de-
scent including one or more of: decreasing de-
scent rate, performing a maneuver to a holding
area or alternative landing zone, or re-attempt
the descent.

4. The method of claim 3, wherein the profile check
process includes:

obtaining navigation data and radar data from
the landing zone data;

comparing the navigation data and the radar da-
ta to a profile expected data set to determine
whether a substantial change is present, the pro-
file expected data setincluding same data types
as the navigation data and the radar data based
on a previous reading of the navigation data and
the radar data, adjusted for expected changes
in data;

in response to determining the substantial
change is present, determining an unsafe con-
dition.

5. The method of claim 4, wherein the profile expected
data set further includes descent conditions, the de-
scent conditions including one or a combination of:
a flight envelope condition, a descent rate condition;
and/or heading, pitch, and/or roll conditions, and
the profile check process further includes:

determining whether the descent conditions are
satisfied; and

in response to determining one of the descent
conditions are not satisfied, determine an un-
safe condition.

6. The method of claim 3, wherein the scanning confir-
mation process includes:
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controlling the radar system to scan and map
the landing zone to include landing zone map-
ping data in radar data of landing zone data;
obtaining the landing zone mapping data from
the landing zone data;.

comparing the landing zone mapping data to an
expected landing zone mapping data; the ex-
pected landing zone mapping data including
two-dimensional area/three-dimensional struc-
ture of the landing zone when the landing zone
is clear;

in response to determining the substantial
change is present, determining a potential con-
flict or an unsafe condition.

The method of claim 3, wherein the vision confirma-
tion process includes:

obtaining imaging output data from the landing
zone data;

analyzing the imaging output data to determine
whether an expected symbol or representation
is present on the landing zone, the expected
symbol or representation being a light pattern
on the landing zone and/or an identifier pattern
on the landing zone;

in response to determining the expected symbol
or representation is not present, determining a
potential conflict or an unsafe condition.

8. A system for computing flight controls for landing a

vehicle, the system comprising:

a memory storing instructions; and
a processor executing the instructions to per-
form a process including:

before a descent transition point, receiving
from a service a landing zone confirmation
including landing zone location information
and an indication that a landing zone is
clear;

determining a landing flight path based on
the landing zone location information;
upon the vehicle starting a descent to the
landing zone using the landing flight path:

receiving landing zone data from at
least one of a radar system, a camera
system, an altitude and heading refer-
ence system (AHRS), and a GPS sys-
tem;

performing an analysis based on the
landing zone data to determine whether
an unsafe condition exists; and

based on the analysis, computing flight
controls for the vehicle to continue the
descent or modify the descent.
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The system of claim 8, wherein the receiving landing
zone data and the performing the analysis based on
the landing zone data includes:

performing a descent cross-check process,
wherein the descent cross-check process per-
forms, in parallel or in sequence, a first sensor
process and a second sensor process.

The system of claim 9, wherein the first sensor proc-
ess performs a profile check process and a first one
of a scanning confirmation process or a vision con-
firmation process,

the second sensor process performs a second one
of the scanning confirmation process or the vision
confirmation process, and

the descent cross-check process determines an un-
safe condition exists in response to:

the profile check process determining an unsafe
condition is present,

the first one of the scanning confirmation proc-
ess or the vision confirmation process deter-
mines a potential conflict and the second one of
the scanning confirmation process or the vision
confirmation process confirms the potential con-
flict as the unsafe condition, or

the second one of the scanning confirmation
process or the vision confirmation process de-
termines the potential conflict and the first one
of the scanning confirmation process or the vi-
sion confirmation process confirms the potential
conflict as the unsafe condition, and

the computing the flight control for the vehicle
to continue the descent or modify the descent
includes: continuing the descent if no unsafe
condition exists and modifying the descent if the
unsafe condition exists, the modifying the de-
scent including one or more of: decreasing de-
scent rate, performing a maneuver to a holding
area or alternative landing zone, or re-attempt
the descent.

The system of claim 10, wherein the profile check
process includes:

obtaining navigation data and radar data from
the landing zone data;

comparing the navigation data and the radar da-
ta to a profile expected data set to determine
whether a substantial change is present, the pro-
file expected data setincluding same data types
as the navigation data and the radar data based
on a previous reading of the navigation data and
the radar data, adjusted for expected changes
in data;

in response to determining the substantial
change is present, determining an unsafe con-
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dition.

The system of claim 11, wherein the profile expected
data set further includes descent conditions, the de-
scent conditions including one or a combination of:
a flight envelope condition, a descent rate condition;
and/or heading, pitch, and/or roll conditions, and
the profile check process further includes:

determining whether the descent conditions are
satisfied; and

in response to determining one of the descent
conditions are not satisfied, determine an un-
safe condition.

The system of claim 10, wherein the scanning con-
firmation process includes:

controlling the radar system to scan and map
the landing zone to include landing zone map-
ping data in radar data of landing zone data;
obtaining the landing zone mapping data from
the landing zone data;.

comparing the landing zone mapping data to an
expected landing zone mapping data; the ex-
pected landing zone mapping data including
two-dimensional area/three-dimensional struc-
ture of the landing zone when the landing zone
is clear;

in response to determining the substantial
change is present, determining a potential con-
flict or an unsafe condition.

The system of claim 10, wherein the vision confir-
mation process includes:

obtaining imaging output data from the landing
zone data;

analyzing the imaging output data to determine
whether an expected symbol or representation
is present on the landing zone, the expected
symbol or representation being a light pattern
on the landing zone and/or an identifier pattern
on the landing zone;

in response to determining the expected symbol
or representation is not present, determining a
potential conflict or an unsafe condition.

A non-transitory computer-readable medium storing
instructions that, when executed by a processor,
cause the processor to perform a method for com-
puting flight controls forlanding a vehicle, the method
comprising:

before a descent transition point, receiving from
a service a landing zone confirmation including
landing zone location information and an indica-
tion that a landing zone is clear;
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determining a landing flight path based on the
landing zone location information;
upon the vehicle starting a descentto the landing
zone using the landing flight path:

receiving landing zone data from at least
one of a radar system, a camera system,
an altitude and heading reference system
(AHRS), and a GPS system;

performing an analysis based on the land-
ing zone data to determine whether an un-
safe condition exists; and

based on the analysis, computing flight con-
trols for the vehicle to continue the descent
or modify the descent.
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